Feeding dogs raw meat diets is an increasingly popular trend, and when contaminated with Salmonella they may present a risk to the health of both animals and humans. The present investigation is a systematic review of literature to assess the frequency of raw meat diets for dogs contaminated with Salmonella and whether dogs consuming these diets can eliminate it in their faeces. A search was made using two databases: "Web of Knowledge" and "PubMed" in January 2015. Only studies related to raw food diets and consumption by dogs were included. Thirteen articles were selected after refining the search. In 11 studies microbiological analysis was conducted for Salmonella in diets containing raw meat, so that in four of these studies Salmonella in the faeces was also analysed. In the analysis of 679 raw meat diets 141 diets (20.76%) were contaminated with Salmonella, in which the serotype most commonly found was S. Typhimurium (24.60%). Of the studies that reported the number of dogs that eliminated Salmonella in faeces after consumption of diets containing raw meat, 141 faecal samples were analysed, of which 73 (51.77%) were contaminated with Salmonella and the serotype most commonly found was S. Newport (72.60%). The available data suggest that the owners who feed their animals with diets containing contaminated raw meat, either commercial or homemade, are exposed to risk of Salmonella contamination, either by the manipulation of food or by handling the dog's stool. Keywords: Food safety. Public health. Raw diet. Pet. Salmonella. Zoonosis.
Introduction
In recent years a growing number of dog owners have replaced the supply of conventional dry diets for their animals with "natural" food, either commercial or homemade, in which there is an increasing trend of containing raw meat. Raw meat-based diets are those that include uncooked ingredients derived from meat of domesticated or wild animal species, which are offered to dogs or cats living in home environments. These ingredients may be skeletal muscles, internal organs, and bones from mammals, fish, or poultry, as well as unpasteurized milk and uncooked eggs (FREEMAN et al., 2013) .
The three most common types of homemade raw food diets are Bone and Raw Food Diet (BARF), Ultimate Diet®, and Volhard Diet® MICHEL, 2001) . Frozen raw food diets can also be found in some pet shops, veterinary clinics, grocery stores, pet foods' stores, and on the internet for home delivery (MEHLENBACHER et al., 2012) , containing as main ingredients raw meat and vegetables, grains, and fruits (FINLEY et al., 2008a) .
Feeding pets with these diets is a controversial issue among veterinarians, animal scientists, and owners with regard to the nutritional benefits and the risk that they pose to the health of both animals and humans MICHEL, 2001) , especially when analysing issues of food safety and public health. Thus, there is a growing concern about the spread of faecal pathogens in the environment, especially Salmonella, following the growing practice of feeding pets raw meats (FINLEY et al., 2007) .
In some cases uninspected products may come from diseased, debilitated, dying or dead animals (meat 4-D). This type of meat may contain pathogens, including Salmonella, Campylobacter jejuni, and Escherichia coli (CHENGAPPA et al., 1993) . The situation is even worse when these products are not properly processed (e. g. by heating) before consumption (FINLEY et al., 2007) . In Brazil animal products coming from slaughterhouses are inspected by the Municipal, State or Federal Inspection Services. Moreover, consumers normally buy meat in establishments supervised by the Official Health Surveillance. However, according to ABIEC (2014) , it is estimated that the informal meat slaughter market in this country corresponds to 30%, which compromises the safety of these products.
Dogs are usually subclinical carriers of Salmonella (FINLEY et al., 2007) . Thus, the major concern regarding the use of diets based on raw meats is the risk of Salmonella contamination in food handlers, faeces, and feeders of animals , especially in relation to immunocompromised individuals, most of all children, pregnant women, and the elderly (LENZ et al., 2009 ). On the other hand, no comprehensive or quantitative risk profile is available for pet foods, consequently limiting the ability to establish safety standards and assess the effectiveness of current and proposed Salmonella control measures (LAMBERTINI et al., 2016) .
Thus, the purpose of this study was to conduct a systematic review to assess: (1) the frequency of raw meat diets for dogs contaminated with Salmonella, and (2) whether the dogs consuming diets contaminated with pathogens can eliminate them in their faeces, presenting the potential risk of human contamination.
Materials and Methods

Identification and selection of studies
This research was conducted in January of 2015 with data collected from PubMed (http://www.ncbi.nlm.nih.gov/ pubmed) and Web of Knowledge (https://goo.gl/mEa7G5), using the combination of the following keywords: 'raw food diets' or 'raw meat' and 'dogs' , and either 'zoonoses' , 'public health' or 'Salmonella' . Initially, searches were made using the combination of three keywords, but some searches were performed with only two keywords.
Only research articles that evaluated raw food diets consumed by dogs were selected. Research studies in other species, literature reviews, and other types of studies were excluded. No restriction was made regarding date or language.
Eligibility criteria
Literature research was carried out separately by three different researchers. The studies considered relevant were read in full by all authors separately. In case of disagreement the decision of which articles to be used in the study was made by reviewing the inclusion criteria and coming to a consensus. After the selection of relevant articles, the criteria for qualitative assessment of the methodology were determined.
Assessment of enrolment criteria
After the selection of articles qualitative analysis was performed so that scientific criteria were scored (Table 1) . However, not all parameters used were qualified, with only those most relevant to the subsequent discussion being used. Based on another systematic review (PEREIRA et al., 2011 ) some parameters were classified as appropriate (score 3), appropriate but incomplete (score 2), and unsatisfactory or unclear (score 1). Other parameters were only classified as appropriate (score 2) or unsatisfactory/ unclear (score 1). The classification criteria were:
I) Types of samples analysed microbiologically: studies that performed microbiological analysis for Salmonella in raw meat diets and faeces of dogs that consumed them received score 3; studies in which the analysis was only performed in the diet received score 2; and studies in which the analysis was only performed in the faeces of the dogs received score 1.
II) Relationship between the serotype of Salmonella present in the feed and the type of raw meat and/or serotype of Salmonella excreted in the faeces: studies which showed the relationship between the type of raw meat and the Salmonella serotypes found in the diet and excreted in faeces received score 3; studies which described the relationship between type of raw meat and the Salmonella serotypes present in the food, or the relationship between Salmonella serotypes in food and those excreted in faeces received score 2; and studies which only described Salmonella serotypes present in food or faeces or were not clear on any of this information received score 1.
III) Source of acquisition of diet: studies which evaluated commercial and homemade diets received score 3, studies evaluating commercial or homemade diets received score 2; and studies that did not evaluate the diet or were not clear on such information received score 1.
IV) Time until elimination of the pathogen in the environment: studies that evaluated the time until elimination of the pathogen in the environment by dogs after consuming the contaminated diet received score 2, while those that did not perform the evaluation or were not clear on that information received score 1.
V) Methods for microbiological evaluation: studies conducted by conventional microbiological culture and/or using more accurate methods of analysis (like DNA-based diagnostics or Enzyme Linked Fluorescent) received score 2, while studies performed only by microbiological culture received score 1.
VI) Description of sampling months: studies showing the relationship between the collection period and the prevalence of Salmonella in food and/or faeces received score 3; studies that reported only the period of sampling without relating it to the prevalence received score 2; and studies that did not report the period of sample collection or were not clear on such information received score 1.
According to the criteria, the maximum score was 16 points. I: analysis for the identification of Salmonella in the diet and in the faeces of dogs (score 3), analysis only of the diet (score 2), analysis only of the faeces (score 1), II: demonstrated the relationship between type of raw meat, serotype Salmonella in the diet, and serotype of Salmonella in the faeces (score 3); demonstrated the relationship between type of raw meat and serotype of Salmonella in the food or the relationship between the serotype of Salmonella in food and the one excreted in the faeces (score 2); demonstrated the serotype of Salmonella in food or faeces or some of this information was not clear (score 1), III: evaluation in homemade and commercial diets (score 2), assessment in homemade or commercial diet (score 1); IV: evaluation of the time of elimination of Salmonella in faeces after consumption of a contaminated diet (score 2); no evaluation or results were not clear (score 1); V: conducting microbiological analysis by conventional culture and/or using more accurate methods of analysis (such as through DNA-based diagnostic or Enzyme Linked Fluorescent) (score 2); performance of microbiological analysis only with culture medium (score 1); VI: relationship between month of collection and prevalence of Salmonella (score 3); reported the period of sample collection (score 2); results were not reported or unclear (score 1)
Results
The PubMed research resulted in 98 articles, while the research on the Web of Knowledge resulted in 40 articles. Of the 138 articles found, only 13 were selected for the present study (Figure 1) . Tables 2 and 3 show the data related to the experimental design and results of selected articles. The data presented in Tables 2 and 3 refer only to raw meat diets and faeces of animals fed raw meat diets; therefore, data regarding diets without raw meat or animals that were not fed these diets were not described in the present work.
In 11 studies microbiological analysis had been conducted for Salmonella in the raw meat diet, and four of them had also analysed the presence of Salmonella in dog faeces. Two studies assessed only microbiological contamination in faeces. Out of the eleven studies that performed dietary analysis, only one did not find Salmonella, and only one did not specify the serotype of Salmonella found in food. The serotype S. Typhimurium was found in four studies; the serotypes S. Agona, S. Anatum, S. Hadar, S. Kentucky, S. Newport, and S. Schwarzengrund were found in three studies; the serotypes S. Dublin, S. Heidelberg, S. Infantis, I: 4,12:-:-, I: ROUGH:O:r:1,2, S. Mbandaka, S. Montevideo, S. Muenster, S. Reading, and S. Thompson were observed in two studies; while the remaining 14 serotypes were observed in only one of the nine studies.
Eleven studies that performed dietary analysis in a total of 679 diets containing raw meat were analysed, among which 141 (20.76%) samples were contaminated with Salmonella. From the nine studies that reported the presence of Salmonella and identified serotypes, 480 diets were analysed, of which 126 (26.25%) were infected by one or more serotypes of Salmonella. The serotypes most commonly found were S. Typhimurium (24.60%), S. Heidelberg (19.05%); S. Hadar (9.52%), S. Agona (6.35%), S. Newport (6.35%), S. Schwarzengrund (4.76%), S. Infantis (4.76%), S. Muenster (4.76%), S. Anatum (3.17%), S. Reading (3.17%), S. Thompson (2.38%); S. Kentucky (2.38%), I:4,12:-:-(2.38%); S. Mbandaka (1.59%), I:ROUGH-O:r:1,2 (1.59%), S. Dublin (1.59%), S. Montevideo (1.59%). The remaining serotypes (others) found in studies corresponded to a prevalence of 0.01% (Figure 2 ). 23 articles excluded due they were repeated in the two databases 100 publications eliminated after examining the title and abstract (elimination of literature reviews and studies in other species or that have not evaluated raw diets or not analyzed Salmonella)
Figure 1 -Flowchart of search process Type of analysis used to identify Salmonella; 5: Number of analysed diets; 6: number of raw diets contaminated with Salmonella; 7: Salmonella serotype present in the diets (number of diets containing the serotype; each sample may have been positive for more than one Salmonella serotype); 8: Number of dogs fed diets with raw meat; 9: Number of dogs that had Salmonella in faeces after consuming raw food diets; 10: Salmonella serotypes in faeces of dogs fed raw food diets (number of dogs which contained the serotype in the faeces; each sample may have been positive for more than one serotype of Salmonella)
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Four studies related the type of raw meat to the serotype of Salmonella in food, and four studies related the serotype of Salmonella found in the food and in the faeces. All these studies observed a different elimination of serotypes from those found in food. Even so, in two studies Salmonella was not found in food, but it was found in the faeces of dogs, and in two studies, there was an occurrence of contamination in food, but not in faeces (Table 3) . In the studies conducted in Canada, the serotype that was prevalent in contaminated food (37.5%) and faeces (50%) was S. Heidelberg. In the studies performed in the USA, the prevalent serotypes in contaminated food were S. Muenster (13.64%) and S. Reading (13.64%), and that in contaminated faeces was S. Newport (84.13%).
Five studies evaluated other pathogens besides Salmonella in the diet. Determination of E. coli in food was made in five studies, in which were evaluated 287 diets and 37 (12.89%) were positive for this pathogen. Campylobacter spp was examined in three studies (86 diets), but was not found in any of the samples. Listeria monocytogenes was analysed in only one study, in which out of the total 196 diets 32 (16.32%) had the pathogen. Faecal coliforms, spore-forming bacteria, Clostridium perfringens (C. perfringens), Clostridium difficile (C. difficile), and Staphylococcus aureus (S. aureus) were analysed in only one study; 100% of the samples (n = 25) were contaminated by faecal coliform and spore-forming bacteria, 20% of the diets presented C. perfringens, 4% exhibited C. difficile, and 4% presented S. aureus. In faecal samples from dogs fed with diets containing raw meat, only two studies examined other pathogens. In one study faecal contamination by E. coli and C. difficile was found and in the other there was only C. jejuni.
Six studies evaluated the presence of Salmonella in faeces. The serotypes S. Typhimurium and S. Heidelberg were found in four studies; the serotypes S. Thompson and S. Infantis, in three studies; the serotypes S. Agona, S. Hadar, I:6,7, S. Kentucky, S. Schwarzengrund, S. Tennessee, and S. Brandenburg, in two studies, while the remaining 14 serotypes were observed in only one out of six studies.
Out of the six studies, two did not report the number of dogs that eliminated the serotype of Salmonella in their faeces. Thus, of the 141 faecal samples analysed in four studies, 73 (51.77%) were contaminated. The serotypes most commonly found were S. Newport (72.60%), S. Heidelberg (8.22%), S. Typhimurium (4.11%), S. Schwarzengrund (2.74%), S. Hadar (2.74%), and S. I: 6,7 (2.74%). The remaining 14 serotypes found (others) in studies corresponded to a prevalence of 6.85% (Figure 3) . 
Discussion and Conclusion
This systematic review was performed to assess the prevalence of Salmonella in raw meat diets for dogs and the potential risk for humans. Although it was a judicious search performed by the authors, the limitations of this study are related to scientific articles that may not have been recovered in databases due to variations in the titles, indices, and keywords. Although there are studies reporting the contamination of pig-ear pet treats (FINLEY et al., 2008b) , the persistence of Salmonella, and the effects of different regimes of cleaning and disinfection of bowls containing the microorganism (WEESE; ROUSSEAU, 2006) and zoonotic disease-related husbandry, as well as infection-preventive practices in pet-owning households (STULL et al., 2013) , only articles where microbiological analysis was performed for the identification of Salmonella in raw food diets and/or faeces of dogs consuming this type of diet were selected for this study. It is worth mentioning that the criteria for assessing the methodological quality were defined based on previous research and the experience of the authors, although the standardisation of the methodology of the studies found for the preparation of the systematic review was not homogeneous, as can be seen in other areas of research.
The contact with animals and their environment can be a powerful mode of transmission of enteric pathogens. Hale et al. (2012) suggests that 14% of all human diseases caused by seven groups of common enteric pathogens (Campylobacter spp.; Cryptosporidium spp.; Shiga toxinproducing E. Coli 0157; Non-O157 Shiga toxin-producing E. coli, Listeriamonocytogenes, non-typhoidal Salmonella spp., and Yersínia enterocolítica) are caused by contact with animals.
An example was the human infection by Salmonella linked to pet food. In 2012 in Canada and the United States 2 and 47 people respectively were infected by strains of Salmonella enterica serotype Infantis after exposure to dry dog food (MULTISTATE…, 2012). Li et al. (2012) analysing the prevalence of Salmonella in pet food (complete animal feeds, feed ingredients, pet foods, pet treats, and supplements) in 2002-2009 observed that, out of 2058 samples collected, 257 (12.5%) were contaminated with Salmonella, being the highest prevalence found in animal ingredients, not derived from plants ingredients.
Thus, humans infected with Salmonella by contact with pet food have been a concern. In addition, with the high popular trend of feeding dogs raw meat diets, it has been observed that their owners are exposed to a higher risk of being infected by salmonella either by contact with the food or directly from the animal (FINLEY et al., 2007) .
Thereby, based on the results obtained from the work of this systematic review, it was observed that commercial and homemade diets containing raw meat for dogs may be contaminated with zoonotic microorganisms, especially Salmonella, therefore presenting risk of human contamination. The faecal shedding of Salmonella for dogs without clinical signs of disease creates the possibility of zoonotic transmission of disease through direct contact or through environmental contamination.
It is also believed that some Salmonella serotypes are more likely to be eliminated than others, which was observed in two studies of this systematic review SCHLESINGER, 2002; FINLEY et al., 2007) , as the food was found to be contaminated, but no pathogen was identified in the faeces. In the study by Joffe and Schlesinger (2002) it was observed that S. Braenderup, S. Hadar, and S. Schwarzengrund were found in diets, but were not eliminated by some animals. In the study performed by Finley et al. (2007) most of the dogs which were fed raw food diets contaminated with S. Heidelberg and S. Infantis had the same pathogens recovered from their faecal samples, whereas dogs fed raw food diets contaminated with S. Hadar and S. Meleagridis and some fed S. Infantis, S. Thompson, and S. Heidelberg did not excrete the pathogens during the experimental period. In the discussion Finley et al. (2007) stated that there might be a difference in the probability of elimination of the serovar, which may be related to the size of the inoculum, survival in the matrix of the frozen raw food diet, or the ability to colonise the intestine of the dog.
There have also been some studies where Salmonella serotypes found in the faeces differed from isolates in the food consumed by the animals. This may have been due to the acquisition of the pathogen in other ways, such as from the environment or other contaminated media, since Salmonella can survive for long periods in the environment, especially when it is hot and humid (CFSPH, 2005) , via the ingestion of water, or by even by prior exposure of the animal to other serotypes. The latter suggestion was not considered in many studies, which did not undergo previous collections proving the absence, on consecutive days, of Salmonella in the faeces of dogs.
Many factors are involved in the infection occurrence from diets, and can highlight the quality of ingredients used and common types of pathogens in animals for slaughter, as well as hygiene and thermal control in the processing, transportation, and storage of food. It is worth mentioning that there are some types of meat that tend to be more easily contaminated by a particular pathogen, such as Salmonella, which is often associated with chicken and its derivatives (BRYAN; DOYLE, 1995) . This fact was clearly seen in one of the studies used in this review (FINLEY et al., 2008a) , in which 67% of the diets positive for Salmonella contained raw chicken meat. Previously, Strohmeyer et al. (2006) had isolated the agent in only 2.1% of samples of raw chicken meat in dog food. For human consumption, a study observed 20% -35% contamination of poultry carcasses (ALTEKRUSE et al., 1999) , whereas in another study that conducted market analysis for three years the presence of Salmonella was observed in 44.6% of samples of chicken and in 49.9% of samples of turkey. However, the high prevalence of Salmonella in human food implies greater care with the dog foods, because the diet of humans generally passes through thermal processing before consumption (WEESE; ROUSSEAU; ARROYO, 2005) .
In addition, several kinds of meat are potential means of transmission of Salmonella due to the possibility of contamination during slaughter and survival of the pathogen in fresh meat and meat that is not properly heated (HENDRIKSEN, 2010) . Although many studies have only reported the importance of raw meat used in the preparation of the diet, it is important to highlight that raw diets have other ingredients, such as vegetables and eggs and derivatives, which may also contribute to the increased risk of contamination by Salmonella; these are, however, often unreported on product labels or in studies.
The study conducted by Mehlenbacher et al. (2012) , in which were purchased diets classified commercially as raw diets, even though some had undergone processing such as freeze drying, dehydration or HPP (High Pressure Processing), raised the question of the importance of defining raw diets and processing in reducing the risk of Salmonella contamination. In the results obtained by the authors the four diets that were positive for Salmonella had not undergone any processing, whereas the pathogen was not recovered in processed samples, perhaps providing further evidence for the use of processing methods such as freeze drying or HPP to prevent bacterial contamination.
It is difficult to compare the prevalence estimates obtained from different studies, since, although they may reveal the true differences in the distribution of Salmonella among geographic regions, differences may also be due to the techniques used to determine the prevalence of Salmonella. Nevertheless, as reported in one study (CIPARS, 2004) described by Finley et al. (2007) , in Canada S. Heidelberg was the most common cause of human salmonellosis, being responsible for 26% of all isolates of Salmonella obtained from human cases in 2003. The serovar S. Typhimurium was the second most common (25%), followed by S. enteritidis (15%).
In the U.S.A. the most common serotypes isolated from humans in 2002 were, in descending order, S. Typhimurium, S. enteritidis, S. Newport, and S. Heidelberg, among others, and in clinically ill animals were, in descending order, S. Typhimurium, S. Newport, S. Agona, and S. Heidelberg, among others (CFSPH, 2005) . Based on the combined results of serotypes found in most samples of raw food diets for dogs in this systematic review, it was found that S. Typhimurium (24.60%) and S. Heidelberg (19.05%) were the most commonly found in contaminated samples. In faeces of dogs, S. Heidelberg (8.22%) and S. Typhimurium (4.11%) were the second and third most commonly eliminated serovars, respectively, whereas S. Newport (72.60%) was further eliminated. Li et al. (2012) identified in pet food 45 serotypes, being S. Senftenberg and S. Montevideo the most common (8.9%) between the identified. However, these results were not consistent with the serotypes most commonly causing human infection, so justified by the increased human exposure to a variety of sources of contamination.
Cases of septicaemia by Salmonella in two cats being fed raw food diets were reported, where S. Newport from the meat used in their meals was found to be the cause of death in both cats. These scenarios highlight the fact that diets containing raw meat contaminated with Salmonella that are consumed by dogs can contribute to the risk of human salmonellosis, as well as in community exposure to serotypes not previously prevalent, which may eventually increase the frequency of recovery of these serotypes in humans.
The techniques used to identify the presence of Salmonella in food samples and/or faeces may also influence the results found in prevalence studies. In the study performed by Chengappa et al. (1993) , which used DNA probe methodology to identify the presence of Salmonella in raw meat used for feeding dogs, it was found that 66.03% of the samples contained the pathogen, whereas only 44.64% of the samples were identified as contaminated using conventional methodology including cell culture. However, according to the authors, although the DNA probe method is more sensitive than the conventional culture method, the results of the culture method were more useful because this method provided the recognition of serotypes. Conventional methods currently used by most diagnostic laboratories for the identification and isolation of Salmonella in food are time-consuming, whereas the probe test is faster, more sensitive, and easier to perform, despite more costly.
While any person is likely to become infected with a zoonotic pathogen, those with compromised immune systems (such as elderly -≥ 65 years -and pregnant women) or with incomplete development (children < 5 years) are at increased risk (STULL et al., 2013) and should therefore make use of hygienic practices when handling animals, their food, feed hoppers, and faeces, once the hand hygiene plays an important role in reducing the risk of zoonotic infections.
In conclusion, the use of commercial and homemade diets containing raw meat for dogs creates a potential risk for the transmission of Salmonella in humans, especially for high-risk individuals, such as children, the elderly, and the immunocompromised, either through handling food or from contact with the faeces of animals fed contaminated diets.
